It is argued that the hippocampus contributes to contextual fear conditioning by supporting the acquisition of a conjunctive memory representation of context, which associates with shock. This function was examined by studying the context pre-exposure facilitation effect (CPFE). A rat that is shocked immediately after being placed into a context subsequently displays almost no fear of that context. However, if it is pre-exposed to the context the day before immediate shock, it displays significant freezing to that context. By using 5-aminomethyl-3-hydroxysoxazole to temporarily inactivate the dorsal hippocampus (DH) at three different phases of the procedure, which produces the CPFE, we show that the hippocampus is necessary for the following: (1) acquisition of the context memory, (2) retrieval of this memory at the time of immediate shock, and (3) retrieval of the context-shock memory at the time of testing. In contrast, inactivating the DH before a standard contextual shock experience had no effect on contextual fear conditioning. These results support the view that two processes can support contextual fear conditioning: (1) conditioning to the conjunctive representation, which depends on the hippocampus, and (2) conditioning to the features that make up the context, which does not.
Introduction
Although it is often claimed that contextual fear conditioning depends on the hippocampus, the evidence is mixed (Gewirtz et al., 2000; Sanders et al., 2003) . Retrograde damage to the hippocampus impairs the retention of contextual fear conditioning (Kim and Fanselow, 1992; Maren et al., 1997; Frankland et al., 1998; Anagnostaras et al., 1999) . However, the pattern of data associated with anterograde damage is complex. Electrolytic damage to the dorsal hippocampus (DH) and excitotoxic damage to the ventral hippocampus each impairs conditioning (Selden et al., 1991; LeDoux, 1992, 1994; Maren and Fanselow, 1998) , but excitotoxic damage to the DH has no effect (Maren et al., 1997; Richmond et al., 1999; Rudy et al., 2002) . There is some agreement that the anterograde impairment is a product of hyperactivity, which is a consequence of damaging a circuit that includes cells in the ventral hippocampus and fibers that transverse through the DH to the nucleus accumbens (Maren et al., 1997; Richmond et al., 1999) . Excitotoxic damage to the DH does not produce impairment, because the fibers of passages are spared and no hyperactivity is produced. Consequently, the literature indicates that the acquisition of contextual fear does not require the DH.
Some theorists propose that the mixed anterograde and retrograde results mean that contextual fear conditioning can be supported by two processes: (1) the independent features that make up the context and are associated with shock, which does not require the hippocampus, or (2) the hippocampus binding these features into a conjunctive representation that associates with shock (Fanselow, 1999 (Fanselow, , 2000 O'Reilly, 1999, 2001) . The feature-shock associations support contextual fear in rats with anterograde damage (Maren et al., 1997; Frankland et al., 1998; Rudy et al., 2002) . Retrograde damage impairs contextual fear conditioning, because in the intact rat, conditioning to the conjunctive representation overshadows conditioning to the features, and this representation is lost when the hippocampus is subsequently damaged (Maren et al., 1997) .
The purpose of these experiments is to provide evidence that the hippocampus supports a conjunctive representation of context. The experiments focus on the context pre-exposure facilitation effect (CPFE) . If a rat is placed into a context and shocked immediately, it will display almost no fear of that context. However, if it is pre-exposed to the context the day before it is immediately shocked, it will display substantial freezing (Fanselow, 1990) . We provided evidence that context pre-exposure facilitates contextual fear conditioning because the rat acquires a conjunctive representation of the context O'Reilly, 1999, 2001) .
The CPFE requires a three-stage training procedure: (1) preexposure to the context, (2) immediate shock, and (3) the test for context fear. According to the conjunctive theory, the hippocampus makes a significant contribution to each stage of training. To examine the contribution that the hippocampus makes to each stage of the experiment, we used 5-aminomethyl-3-hydroxysoxazole (muscimol), a GABA A agonist that potentiates inhibitory synaptic transmission in the brain (Martin and Ghez, 1999; Edeline et al., 2002) to temporarily inactivate the DH.
Surgery
Under halothane anesthesia, animals were placed into a stereotaxic apparatus (David Kopf Instruments, Tujunga, CA), and stainless-steel guide cannulas (Plastics One, Roanoke, VA) were implanted bilaterally into the DH (Plastics One). Based on the rat brain atlas of Paxinos and Watson (1997) , the following coordinates were used for bilateral DH implantation: anteroposterior (AP), Ϫ3.5 mm; mediolateral (ML), Ϯ2.4 mm; dorsoventral (DV), Ϫ3.0 mm relative to bregma. In experiment 2a, cannulas were implanted bilaterally into the parietal cortex (area 1) just lateral to the DH (AP, Ϫ3.5 mm; ML, Ϯ5.5 mm; DV, Ϫ3.0 mm relative to bregma). In experiment 2b, a cannula was placed into the lateral ventricle (counterbalancing for hemisphere). The coordinates were as follows: AP, Ϫ0.92 mm; ML, Ϯ1.5 mm; DV, Ϫ3.5 mm. Cannulas were fixed to the skull with dental acrylic and three small screws. To maintain patency, after surgery, an obturator was placed into the guide cannulas that extended 1 mm beyond the tip of the guide cannula (total length, 4 mm). Rats were allowed to recover for 7-10 d before being trained on the behavioral task.
Apparatus
Pre-exposure, shock, and testing were conducted in two identical ice chests (54 ϫ 30 ϫ 27 cm) with white interiors. The conditioning chambers (26 ϫ 21 ϫ 24 cm), placed inside each chest, were made of clear plastic and had window screen tops. A speaker and an activated 120 V AC 6 W light bulb were mounted on the ceiling of each chest. The 2 sec, 1.5 mA shock was delivered through a removable floor with stainless-steel rods 5 mm in diameter, spaced 1.65 cm center to center. Each rod was wired to a shock generator and scrambler (Coulbourn Instruments, Allentown, PA). Each chamber was cleaned with water before each animal was pre-exposed, shocked, or tested.
Behavioral procedures
Rats were taken two at a time from their home cage and transported to the conditioning context in a black ice bucket. The lid was on so that the rats could not see where they were being taken. Rats were placed in the context, allowed to explore freely for 5 min, and then transported back to their home cage where they remained ϳ40 sec before the next exposure. During the five subsequent exposures, the animals remained in the context for ϳ40 sec and then were returned to their home cage for 40 sec. The purpose of the multiple exposures was to establish the features of the black bucket as retrieval cues that could activate the representation of the context. Twenty-four hours later, the rats were taken from their home cage and transported individually to the conditioning context in the black bucket. There they received a single 2 sec shock immediately after being placed in the context. They were immediately removed and transported back to their home cage. Contextual fear was assessed 24 hr after immediate shock by placing the rat in the conditioning context for 6 min. Every 10 sec, each rat was judged as either freezing or active at the instant the sample was taken. Freezing, the rat's dominant defensive fear response, is a complete suppression of behavior that is accompanied by immobility, shallow breathing, and a variety of other autonomic changes, including an increase in heart rate and piloerection. Freezing in these experiments was defined as the absence of all visible movement, except for respiration. Scoring began ϳ10 sec after the animal was placed into the chamber. The scorers were blind to experimental treatment, and interscorer reliability was Ͼ95% for all experiments.
Microinjections
Depending on the experiment, microinjections were administered at either 1 hr before training or immediately after training. Rats were gently wrapped in a soft towel, the obturator was removed, and a 33 gauge microinjector (Plastics One) attached to polyethylene 50 (PE50) tubing was inserted through the indwelling guide cannula. The distal end of the PE50 tubing was attached to a 100 l (Hamilton, Reno, NV) syringe that was attached to a microinjection unit (model 5000; David Kopf Instruments) that accurately dispensed the desired volume, which was injected over 10 -15 sec. For experiments using bilateral intrahippocampal injections, 0.5 l was injected sequentially into each hemisphere. The microinjector remained in place for 2 min. Muscimol, a GABA agonist provided by Sigma (St. Louis, MO), was microinjected in the DH at a concentration of 1 g/l, 0.5 l in each side. This dose has been successfully used in other recent experiments to inactivate the DH (Holt and Maren, 1999a; Corcoran and Maren, 2001) . Vehicle controls received equivolume sterile PBS, pH 7.4. In experiment 2, the drug and vehicle were injected intracerebroventricularly. During surgery, a standard drip procedure was used to verify the cannula placement (Watkins et al., 1992) .
Histology
At the completion of the experiment, animals were anesthetized with Nembutal (50 mg/kg) and decapitated; their brains were removed and frozen in cold isopentane. Coronal sections (40 m thick) were taken through the hippocampus with a cryostat at Ϫ19°C, and every third section was mounted. Sections were stained with cresyl violet and examined by light microscopy to visually verify the placement of the cannula in the dorsal hippocampus. Only rats with proper cannula placements were included in the analyses of each experiment.
Results
Experiment 1: muscimol injected into dorsal hippocampus before context pre-exposure prevents acquiring a representation of context The purpose of the first experiment was to determine whether inactivating the DH before context exposure would prevent learning about the context. Before pre-exposure, muscimol or vehicle was injected bilaterally into the DH. The next day, the rats were brought to the conditioning room, placed in the conditioning context, and immediately shocked. All animals were tested 24 hr later. As noted, immediate shock normally produces very little contextual fear conditioning, because there is no representation of context available to associate with shock. Pre-exposure to the context allows the rat to acquire a representation of context and enhances conditioning normally produced by immediate shock. Thus, rats pre-exposed to the context and treated with the vehicle should show strong fear conditioning. However, rats injected with muscimol should display much less fear conditioning, because inactivating the DH should prevent the rat from acquiring the representation of context.
The injection cannula tip placements for all animals included in the analysis of this experiment are shown in the top panel of Figure 1 . There were nine subjects in each condition. Cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicle-and muscimol-injected animals were basically the same; thus any difference between the two conditions was not a product of differential cannula placement.
The bottom panel of Figure 1 shows that rats injected with the vehicle before context pre-exposure displayed substantial freezing. In contrast, rats injected with muscimol displayed markedly reduced freezing (F (1,16) ϭ 6.85; p Ͻ 0.02.) These results suggest that inactivating neurons in the DH with muscimol prevented rats from acquiring a representation of the context. However, it is possible that the effect of muscimol was a result of it diffusing beyond the intended sites in the DH (Martin, 1991; Edeline et al., 2002) .
Experiments 2a and 2b: is the effect of muscimol caused by diffusion beyond the dorsal hippocampus?
We conducted two experiments to determine whether the results of experiment 1 were attributable to muscimol diffusing beyond the DH. In experiment 2a, the same dose of muscimol (n ϭ 7) or vehicle (n ϭ 7) was injected bilaterally into the parietal cortex (area 1 just lateral to the DH). In experiment 2b, the same dose of muscimol (n ϭ 8) or vehicle (n ϭ 7) used in experiment 1 was injected intracerebroventricularly.
The injection cannula tip placements for all animals included in the analysis of experiment 2a are shown in the top panel of Figure 2 . It shows that the cannula placements for vehicle-and muscimol-injected animals were in the intended cortical sites.
The behavioral results for experiments 2a and 2b are shown in the bottom two panels of Figure 2 . The results indicate that injecting muscimol before context pre-exposure had no effect (F values of Ͻ1) on the CPFE, whether it was injected into the cortex just lateral to the DH or intracerebroventricularly. These results provide no evidence that the effect of muscimol in experiment 1 was the result of it diffusing into sites beyond the hippocampus.
Experiment 3: muscimol after context pre-exposure has no effect on the acquisition of a context representation It is also possible that the results of experiment 1 were attributable to some muscimol-induced permanent damage to the DH, which could have influenced test performance. To evaluate this possibility, rats were pre-exposed to the context. Immediately after pre-exposure, either muscimol or vehicle was injected into the DH. If the results of experiment 1 were a result of some permanent alteration of hippocampal function, then injecting muscimol after pre-exposure should also impair test performance.
The injection cannula tip placements for all animals included in the analysis of this experiment are shown in the top panel of Figure 3 . There were eight subjects in each condition. As in experiment 1, cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicleand muscimol-injected animals were basically the same; thus any difference between the two conditions was not a product of differential cannula placement.
The bottom panel of Figure 3 shows that rats injected with muscimol immediately after context pre-exposure did not differ (F Ͻ 1) from rats that were treated with the vehicle. Thus, the results of experiment 1 cannot be attributed to any residual effect of muscimol on hippocampal function that carried over to influence either the conditioning or the test phase of the experiment. They also indicate that inactivating the DH immediately after pre-exposure did not interfere with the consolidation of the memory for context. Thus, together with experiment 1, these results support the hypothesis that muscimol injected into the DH before context pre-exposure prevents rats from learning about the context.
Experiment 4: muscimol before conditioning does not affect normal contextual fear conditioning
We provided evidence that the normal rat acquires a conjunctive representation when it is allowed to explore the context O'Reilly, 1999, 2001) . Thus, it is likely that in experiment 1, muscimol prevented rats from acquiring the conjunctive representation during the pre-exposure phase of the experiment. In experiment 4, the effect of muscimol on normal fear conditioning was examined. This experiment is interesting on both empirical and theoretical grounds. Recall that excitotoxic, anterograde damage to the DH does not impair normal contextual fear conditioning (Maren et al., 1997; Richmond et al., 1999; Rudy et al., 2002) . It is possible that inactivating the DH might be functionally equivalent to an excitotoxic lesion and also not influence contextual fear conditioning. On theoretical grounds, this result is possible because conditioning to the features of the context, which does not require the hippocampus, can support contextual fear conditioning (Fanselow, Rudy et al., 2004) . To assess this possibility, rats were given a standard single-shock fear conditioning experience. Two minutes after being placed into the conditioning chamber, the rat received a 2 sec shock. Before conditioning, either muscimol or vehicle was injected into the DH. Two independent replications of this experiment were conducted.
The injection cannula tip placements for all animals included in the analysis of the two replications of this experiment are shown in the top panel of Figure 4 . There were 16 subjects in each condition. As in the other experiments, cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicle-and muscimol-injected animals were basically the same; thus any difference between the two conditions was not a product of differential cannula placement.
The bottom two panels of Figure 4 show the results of the two replications of this experiment. It reveals that muscimol given before a standard contextual fear conditioning experience had no effect (F values of Ͻ1). These results are in contrast to the results of experiment 1, in which the same dose of muscimol blocked the effect of context pre-exposure. However, they are consistent with studies that have shown that anterograde excitotoxic damage to the hippocampus does not impair contextual fear conditioning (Maren et al., 1997; Richmond et al., 1999; Rudy et al., 2002) . Thus, inactivating the hippocampus with muscimol appears to be functionally similar to an excitotoxic DH lesion. The combined results of experiments 1 and 4 are consistent with the hypothesis that contextual fear conditioning can be supported by two processes: conditioning to the conjunctive representation, which depends on the hippocampus (experiment 1), and conditioning to context features, which does not depend on the hippocampus (experiment 2).
That previous treatment with muscimol had no effect on standard contextual fear conditioning is also important, because it indicates that muscimol did not disrupt the normal pattern of exploratory behavior needed to sample the features of the context or to condition to them. However, we note that this statement is an inference we make from the fact that the rats conditioned, and we did not measure the exploratory behavior of the rats.
However, it should be noted that our results conflict with those reported by Bellgowan and Helmstetter (1995) . We have no ready explanation of the conflicting results, but note that, consistent with our results, Holt and Maren (1999b) also failed to find an effect of muscimol on the acquisition of contextual fear conditioning.
Experiment 5: retrieval of the conjunctive representation before immediate shock depends on the hippocampus As noted, the immediate-shock experiment is composed of three distinct phases: (1) pre-exposure to the context, (2) immediate shock, and (3) the test for context fear. Experiment 1 demonstrated that inactivating the DH prevented the acquisition of the conjunctive context representation. It is important to appreciate that for this representation to facilitate conditioning produced by immediate shock, it has to be retrieved and available to be associated with the immediate shock. Indeed, we reported previously that immediately shocked rats must be conditioning to the memory representation of where they were pre-exposed and not to physical features of the place where they experienced immediate shock Rudy et al., 2002) . How does this happen?
One of the important properties of hippocampal-dependent conjunctive representations is that they support what is called pattern completion (Marr, 1971; McNaughton and Morris, 1987; O'Reilly, 1999, 2001; O'Reilly and Rudy, 2001 ). Specifically, when an input pattern of features (A-E) is conjoined into a memory representation, the presentation of a subset of features (e.g., A and E) will activate the memory for the entire input pattern. It is the pattern-completing properties of the hippocampus that make it possible for immediate shock to support conditioning to the pre-exposed context. By virtue of the pre-exposure experience, the rat acquires a conjunctive representation of the context together with the cues associated with transporting the rat to the context. Consequently, on the day of immediate shock, the transport cues activate the memory representation of the context so that it is available to associate with immediate shock Rudy et al., 2002) . This line of reasoning makes an unambiguous prediction. Specifically, because pattern completion (1) is needed to activate the memory representation of the pre-exposed context at the time of immediate shock and (2) requires a hippocampaldependent conjunctive representation, it predicts that inactivating the hippocampus before immediate shock will prevent the context pre-exposure facilitation effect. To test this prediction, all rats were pre-exposed to the conditioning context in the normal state, and either muscimol or vehicle was injected bilaterally into the DH before the immediate shock session.
The injection cannula tip placements for all animals included in the analysis of this experiment are shown in the top panel of Figure 5 . There were six subjects in each condition. Cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicle-and muscimol-injected animals were basically the same; thus any differences between the two conditions were not a product of differential cannula placement.
The bottom panel of Figure 5 shows that rats injected with muscimol before immediate shock display much less contextual fear than rats injected with the vehicle (F (1,10) ϭ 21.8; p Ͻ 0.001). This result strongly supports the view that the patterncompletion process, which is needed to activate the memory representation of the context at the time of immediate shock, depends on a conjunctive representation supported by the hippocampus.
There is much literature centered on the contribution the hippocampus makes to the acquisition and consolidation of memories. Yet very few studies have specifically addressed the role of the hippocampus in memory retrieval. However, Maren and colleagues (Corcoran and Maren, 1999a; Holt and Maren, 2001) recently used the muscimol inactivation strategy to show that the hippocampus is critically involved in two other phenomena that involve context representations. Specifically, they have reported that the hippocampus makes an essential contribution to the retrieval of context-specific latent inhibition (Holt and Maren, 1999a) and context-specific extinction (Corcoran and Maren, 2001) . These results are thus consistent with those of Maren and colleagues (Corcoran and Maren, 1999a; Holt and Maren, 2001) in implicating an important role for the hippocampus in retrieving contextual information.
Experiment 6: expression of fear is impaired by intrahippocampal injections of muscimol
The previous experiments have demonstrated that if the context pre-exposure facilitation effect is to be observed, the hippocampus must be functional both during the initial pre-exposure phase and at the time of immediate shock, when the representation of the context must be retrieved to associate with shock. Because the context pre-exposure facilitation effect is mediated by the conjunctive representation of context, then it should also be the case that inactivating the hippocampus should impair the rat's performance during the test for contextual fear. To evaluate this prediction, all rats were in the normal state both at the time of pre-exposure to the context and during the immediate shock phase. However, before the test for contextual fear, rats received an injection of muscimol or vehicle.
The injection cannula tip placements for all animals included in the analysis of this experiment are shown in the top panel of Figure 6 . There were seven subjects in each condition. Cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicle-and muscimol-injected animals were basically the same; thus any difference between the two conditions was not a product of differential cannula placement.
The bottom panel of Figure 6 shows that rats injected with muscimol before the test for contextual fear displayed reduced freezing compared with rats that were injected with the vehicle (F (1,12) ϭ 6.3; p Ͻ 0.03). We argued that during the immediate shock phase, rats associated a hippocampal-dependent conjunc- tive representation of context with the shock. If this is true, then for fear to be displayed during testing, the hippocampus is needed to retrieve this representation. Consequently, when the hippocampus is inactivated, rats should display reduced freezing. The results of this experiment are consistent with this prediction.
Experiment 7: the effects of muscimol are not state dependent
The results of these experiments all point to a role for the hippocampus in storing and retrieving a conjunctive memory of the context. However, all of these findings can potentially be explained as reflecting what is called state-dependent learning (for review, see Overton, 1991) . A fundamental principle of memory is that the retrieval of a memory depends critically on the similarity of the cues present during the acquisition of the memory to the cues present at the time the memory is retrieved (Spear, 1973) . To the degree that training and retrieval cues differ, memory retrieval will be impaired. Moreover, it has been shown that the cues produced by the internal state of the subject at the time of learning can become part of the memory trace (Overton, 1991) . Thus, if the subject's state during learning differs from its state at the time of testing, memory retrieval should be impaired. State variables include factors such as circadian rhythm, mood, and drug-induced state. The state-dependent learning hypothesis provides a potential explanation of our primary findings. In the first experiment, the memory trace representing the phase 1 context pre-exposure experience could consist not only of the representation of the physical features of the context but also of an internal state of the hippocampus produced by muscimol. Consequently, because these animals were not treated with muscimol either during the phase 2 retrieval of the memory or during the phase 3 test for contextual fear, the retrieval cues may not match the training cues, and impaired performance would result from this difference.
To address the state-dependent learning hypothesis, muscimol was injected into the DH before each of the three phases of the experiment (pre-exposure, immediate shock, and testing) for one group of animals, and vehicle was injected into the other group of animals. To ensure that repeated injections of muscimol into the DH did not produce any behavioral impairment, a 5 d interval separated each phase of the experiment.
The injection cannula tip placements for all animals included in the analysis of this experiment are shown in the top panel of Figure 7 . There were eight subjects in the muscimol condition and six in the vehicle condition. Cannula placements were localized throughout the rostrocaudal extent of the DH. Cannula placements for vehicle-and muscimol-injected animals were basically the same; thus any difference between the two conditions was not a product of differential cannula placement.
The bottom panel of Figure 7 shows that rats injected with muscimol before each phase of the experiment displayed reduced freezing compared with rats that were injected with the vehicle (F (1,12) ϭ 8.3; p Ͻ 0.02). Injecting the rats with muscimol before each stage of the experiment should have ensured that state cues generated by muscimol would be the same during the acquisition and retrieval stages of the experiment. Therefore, the statedependent learning hypothesis would predict that these rats should not differ from the rats injected with the vehicle. However, even after controlling for the state of the rat, a deficit was still observed. Thus, it is fair to conclude that these results provide no evidence that the influence of muscimol on the CPFE is attributable to its effect on the state of the rat.
Discussion
Muscimol injected into the DH before (1) context pre-exposure, (2) immediate shock, or (3) the test for contextual fear conditioning significantly reduced the CPFE. There was no evidence that these results were attributable to the muscimol diffusing beyond its intended sites. Thus, these findings are consistent with the hypothesis that neurons in the DH make a significant contribution to the acquisition of the memory for context, its retrieval at the time of testing, and its retrieval at the time of the fear test.
Although injecting muscimol into the DH before context exposure interfered with the acquisition of the memory for context (as indicated by the reduced CPFE), it did not impair the acquisition of contextual fear conditioning when it was injected before standard conditioning (experiment 4). The two-process theory of contextual fear conditioning (Fanselow, 2000; O'Reilly and Rudy, 2001; Rudy et al., 2004) readily explains these somewhat paradoxical results. According to this view, contextual fear conditioning can be produced by conditioning either to the conjunctive representation of the context, which depends on the hippocampus, or to the independent features of the context, which does not. Consequently, although muscimol inactivated the DH, freezing was robust because there was conditioning to the features. In contrast, the CPFE depends uniquely on the rat acquiring the hippocampus-dependent conjunctive representation (Rudy and O'Reilly, 1999) , so injecting muscimol into the DH before pre-exposure impairs this effect. To understand this claim, it is necessary to appreciate that freezing, which is observed in the test phase of the CPFE paradigm, is produced by immediate shock. Because shock is immediate, the rat does not have the opportunity to sample and encode the features of the shock context. In fact, if the rat is not pre-exposed to the context, immediate shock will produce almost no conditioning (Fanselow, 1990; Kiernan and Westbrook, 1993) . This means that the pre-exposed rat must condition to the retrieved conjunctive memory of the context and not to its sensory features. We provided strong evidence for this analysis O'Reilly, 1999, 2001; . In the most compelling example, we have shown (1) that if the pre-exposed context is different from the context in which immediate shock occurs, the rat will freeze when tested in the pre-exposed context but not when tested in the context in which shock actually occurs and (2) that this result depends on the hippocampus Rudy et al., 2002) .
We have now shown that three different ways of altering the hippocampus (inactivation with muscimol, excitotoxic lesion, and protein synthesis inhibition) each block the CPFE. These results are in contrast to the findings that neither excitotoxic, anterograde damage to the DH (Maren et al., 1997; Richmond et al., 1999; Rudy et al., 2002) nor inactivating the DH before conditioning impair normal fear conditioning (experiment 4). It is of some interest that the protein synthesis inhibitor anisomycin impaired the consolidation of the memory for context when it was injected into the DH after context pre-exposure . In contrast, although muscimol blocked the acquisition of the context memory when injected before exposure, it did not block the consolidation of the memory when given after exposure. This finding suggests that, once initiated, the cellular-molecular processes needed to consolidate the context memory continue, although the synaptic transmission in the hippocampus has been greatly reduced.
We made two points in the introduction to experiment 5: (1) for context pre-exposure to enhance conditioning, the memory representation of the pre-exposed context has to be activated before the immediate shock; and (2) this retrieval process requires a hippocampus-dependent conjunctive representation. Consequently, conjunctive theory predicts that the hippocampus must be functional at the time of immediate shock (when the memory has to be retrieved). The results of experiment 5 are consistent with this prediction, because inactivating the DH before the immediate-shock phase blocked the CPFE. The finding that inactivating the DH before the fear test reduced the CPFE (experiment 6) also supports the general idea that the hippocampus is essential to retrieve a conjunctive representation of the context.
Injecting muscimol into the DH before conditioning did not impair contextual fear conditioning (experiment 4). This result is somewhat puzzling, because other pharmacological agents injected into the hippocampus before conditioning impair the acquisition of contextual fear conditioning. For example, Young et al. (1994) reported that injecting the NMDA receptor antagonist DL-2-amino-5-phosphonovalerate into the DH impaired the acquisition of contextual fear (also see Bast et al., 2003) . Others have reported a similar impairment with scopolamine, a cholinergic antagonist (Gale et al., 2001; Wallenstein and Vago, 2001) . Rudy et al. (2004) have suggested that these discrepant results can be explained as reflecting two different roles played by the hippocampus in contextual fear conditioning: (1) it stores the conjunctive representation of the context, and (2) its output inhibits conditioning to the independent features that make up the context.
